The utility of synthetic peptides in immunodiagnosis has been previously reported (15, 16) . Synthetic peptides offer the advantage of eliminating nonspecific reactions resulting from cross-reactivity of antibodies in the specimen with host cell antigens which are copurified with cell-derived virus (8, 10, 13) or Escherichia coli-derived recombinant products as the immunoadsorbents (2, 5) . The UBI human immunodeficiency virus type 1 (HIV-1)-HIV-2 enzyme-linked immunosorbent assay (EIA) is the first synthetic-peptide-based combination assay for the detection of HIV-1 and HIV-2 antibodies to be licensed by the Center for Biologics Evaluation and Research of the Food and Drug Administration. In this report, we present the results of the evaluation of the UBI HIV 1/2 EIA in the determination of the assay's sensitivity and specificity.
MATERIALS AND METHODS
Source and characterization of clinical materials. All samples were evaluated in parallel with a licensed HIV-1 EIA. Repeatedly reactive samples were further tested by HIV-1 Western blotting and/or radioimmunoprecipitation assay. Specimens that were nonreactive in both screening assays were not further characterized by supplemental tests. A total of 402 patient samples were selected on the basis of a documented diagnosis of AIDS (n ϭ 306) or AIDS-related complex (ARC) (n ϭ 96) and were unbiased with respect to results of the licensed HIV-1 EIA. High-risk group samples were obtained from 500 random individuals attending an AIDS prevention clinic at the State University of New York Health Science Center at Brooklyn. A total of 600 confirmed seropositive samples from volunteer blood donors were selected on the basis of presenting repeatedly reactive and positive results in a licensed HIV-1 EIA and an HIV-1 Western blot assay, respectively. Confirmed HIV-positive samples from geographically diverse areas were obtained from the Thai Red Cross, Bangkok, Thailand, and additional samples were evaluated at the Developmental Technology Section, Division of HIV/AIDS, Centers for Disease Control and Prevention, Atlanta, Ga. Twelve HIV-1 seroconversion panels were obtained from Boston Biomedica, Inc. (BBI; West Bridgewater, Mass.), and North American Biologicals, Inc. (NABI; Miami, Fla.), and were tested at United Biomedical, Inc., with the UBI HIV 1/2 EIA. Seroconversion data for other manufacturers' assays have been previously reported on the data sheets accompanying the panels.
Plasma and serum samples from 13,004 random volunteer donors at five regionally distinct blood banks were tested with the UBI HIV 1/2 EIA to determine the specificity of the assay. All initially reactive samples were retested in duplicate. Any samples reported as reactive in either one or both of the two repeat assays were considered repeatedly reactive and further tested by a licensed HIV-1 Western blot assay and, when indeterminate, by an investigational HIV-1 radioimmunoprecipitation assay.
A prospective follow-up of 40 blood donors previously determined to be HIV-1 EIA repeatedly reactive and HIV-1 Western blot indeterminate (index donation) was conducted to determine if any of the indeterminate Western blots would evolve into a positive blot pattern over time. Follow-up was undertaken by obtaining subsequent samples from each of the 40 donors studied across three regionally distinct blood banks. All 40 of the donors were found to be UBI HIV 1/2 EIA nonreactive on the index donation. Follow-up samples were evaluated by the laboratory test of record and HIV-1 Western blotting at the sites. The UBI HIV 1/2 EIA was performed at United Biomedical, Inc.
A panel of samples containing potentially interfering substances was assembled from commercially prepared sources and repositories held by several collaborators. Any samples resulting in an initially reactive determination were retested in duplicate. Positivity of all repeatedly reactive samples was confirmed by a licensed HIV-1 Western blot assay.
Solid-phase EIA for the detection of antibodies to HIV-1 and HIV-2. The UBI HIV 1/2 EIA is a solid-phase assay in which synthetic peptide antigens are adsorbed onto the reaction microplate. Aliquots of specimen diluted 1:21 are added to the reaction microplate wells, and the plate is incubated at 37 Ϯ 2°C for 30 Ϯ 2 min. Antibodies to HIV-1 and/or HIV-2, if present, will bind to the specific peptide antigens. After a thorough washing of the plate has been performed to remove unbound antibodies and other specimen components, an aliquot of a standardized preparation of goat anti-human immunoglobulin G antibodies conjugated to horseradish peroxidase is added to each well. The reaction microplate is then returned to the incubator (37 Ϯ 2°C) for 15 Ϯ 1 min. This enzyme-antibody conjugate will bind to any antigen-anti-HIV-1 and antigen-anti-HIV-2 antibody complexes present. The wells are again washed to remove unbound enzyme-antibody conjugate, and a solution of o-phenylenediamine (0.67 mg/ml) containing hydrogen peroxide is added to the wells; then the plate is incubated at 37 Ϯ 2°C for 15 Ϯ 1 min. A yellow-orange color will develop with an intensity proportional to the amount of HIV antibodies present in the specimen. The enzyme-o-phenylenediamine reaction is stopped by the addition of stop solution (1.0 M sulfuric acid). The absorbance value of each microwell is read by an EIA plate reader at a wavelength of 492 Ϯ 2 nm. Each run includes wells for two negative reactive controls, two HIV-1 strongly reactive controls, and two HIV-2 weakly reactive controls. The cutoff value used to determine seropositivity was calculated based on statistical analysis as follows: (0.1 ϫ mean strongly reactive control value) ϩ mean negative reactive control value. The total incubation time for the assay is 60 min, which is less than the 90 to 150 min required for other licensed HIV-1-HIV-2 assays. The total time needed to perform the assay is approximately 110 min.
Diagnostic assay kits. The Abbott (Abbott Park, Ill.) HIVAB HIV-1 assay is a whole-cell lysate EIA, and the Abbott HIVAB HIV-1-HIV-2 recombinant DNA (rDNA) EIA uses recombinant HIV-1 Env and Gag and HIV-2 Env proteins. The Recombigen (Env and Gag) HIV-1 recombinant EIA (Cambridge Biotech, Worcester, Mass.) uses a recombinant envelope protein, and the Genetic Systems (Redmond, Wash.) HIV-1-HIV-2 and HIV-2 EIAs use a whole viral lysate as the antigen. All assays were performed according to the manufacturers' instructions.
Western blotting. Western blotting for confirmation of the presence of anti-HIV-1 antibodies was performed with licensed HIV-1 immunoblotting kits from Bio-Rad Laboratories (Hercules, Calif.) or Cambridge Biotech. The investigational HIV-2 Western blot assay was from Genetic Systems. The manufacturers' instructions for the performance of immunoblotting assays were followed. Positivity of blots was determined according to manufacturers' criteria.
Statistics. Confidence intervals were determined through the use of the StatXact program.
RESULTS

Sensitivity.
Antibodies to HIV-1 were detected by the UBI HIV 1/2 EIA in 306 of 306 patients with a clinical diagnosis of AIDS and in 96 of 96 patients with a clinical diagnosis of ARC (Table 1) . These results were consistent with those of the licensed HIV-1 assays performed, the licensed UBI HIV-1 EIA and the Abbott HIVAB HIV-1 EIA. Specimens from three individuals diagnosed with AIDS and from three individuals diagnosed with ARC were reported as HIV-1 Western blot indeterminate. The remaining specimens were all confirmed to be HIV-1 Western blot positive. g One sample yielded discordant HIV-1 EIA results at the facility using licensed test kits from two different manufacturers and was reported as Western blot positive. In subsequent testing, the sample demonstrated a negative result by licensed IFA. Follow-up specimens from this individual were not available.
h Includes five specimens that were originally reported as Western blot indeterminate and have been reinterpreted as Western blot positive according to current ASTPHLD-Centers for Disease Control and Prevention criteria.
The testing of a total of 500 samples from high-risk individuals attending an AIDS prevention clinic demonstrated that the UBI HIV 1/2 EIA was repeatedly reactive for all 73 specimens from this population that were repeatedly reactive by the licensed Cambridge Biotech HIV-1 EIA (Table 1 ). All 73 repeatedly reactive specimens were also HIV-1 Western blot positive. One additional sample was found to be repeatedly reactive with the UBI HIV 1/2 EIA and repeatedly nonreactive with the Cambridge Biotech HIV-1 EIA. This sample was reported as being HIV-1 Western blot negative and found to be nonreactive in the Genetic Systems HIV-2 EIA. No bands were reported for the investigational Cambridge Biotech HIV-2 Western blot. Follow-up samples were not available as this was a nonlinked study.
In the evaluation of a panel of previously screened specimens from asymptomatic individuals that were repeatedly reactive by a licensed HIV-1 EIA and positive by a Western blotting assay, the UBI HIV 1/2 EIA was repeatedly reactive for all but one Western blot-positive sample ( Table 1 ). The one Western blot test-of-record-positive donor sample demonstrated discordant HIV-1 EIA results when tested with licensed kits from two different manufacturers and was negative by the licensed Fluorognost HIV-1 immunofluorescence assay (IFA). Follow-up specimens from this individual for both Western blotting and additional EIA test analyses were not available.
The UBI HIV 1/2 EIA was reactive for all samples in a study of 222 Western blot-confirmed HIV-1-seropositive individuals representing the following diverse geographical areas: Southeast Asia (n ϭ 96), South America (n ϭ 48), Central America (n ϭ 45), and South Africa (n ϭ 33).
A critical parameter in the determination of the sensitivity of an assay is its ability to identify specimens derived from individuals with early infection. The UBI HIV 1/2 EIA and three licensed HIV-1 EIAs were evaluated to determine their relative sensitivities in detecting early HIV-1 infections (Table 2) . Sequential samples, collected at short intervals from eight individuals who seroconverted during the period, were tested in all four EIAs. Specimens were tested by the HIV-1 Western blot assay, and the results were interpreted by using the AST-PHLD-Centers for Disease Control and Prevention criteria (4). The UBI HIV 1/2 EIA performed substantially equivalently to the other licensed HIV-1 EIA test kits.
Studies on samples from commercially available seroconversion panels that demonstrate predominantly Gag reactivity on HIV-1 Western blots (Table 3) were conducted to evaluate the sensitivity of the test in view of the absence of the p24 antigen as one of the solid-phase antigens. The UBI HIV 1/2 EIA was found to be reactive with seroconversion panel members that in a licensed Western blot assay showed only a p24 band as the earliest parameter of seroconversion. To further clarify the sensitivity issue for the synthetic envelope antigen, the data for a total of 106 specimens for which there was no indication of the presence of antibody to gp41 on HIV-1 Western blots were extracted from the complete data set reported in the evaluation of the UBI HIV 1/2 EIA. The UBI HIV 1/2 EIA was repeatedly reactive for all 106 confirmed-positive specimens which lacked a gp41 band when subjected to a licensed Western blot assay.
A total of 216 HIV-2-seropositive specimens from West Africa, an area where HIV-2 infection is endemic, were evaluated. These samples were repeatedly reactive in the licensed Genetic Systems HIV-2 EIA and were confirmed by reactivity in an investigational HIV-2 immunoblot assay. All 216 samples tested were repeatedly reactive with the UBI HIV 1/2 EIA.
Specificity. The UBI HIV 1/2 EIA in the random-donor population yielded an initially reactive rate of 0.43% when a total of 13,004 voluntarily donated blood samples were tested across five blood banks. Of the initially reactive samples, 36 (64%) were repeatedly reactive, giving rise to a repeatedly reactive rate of 0.28% (Table 4 ). The specificity was thus 99.72%, with a 95% confidence interval of 99.62 to 99.81%.
A prospective follow-up study of 40 low-risk, nonautologous blood donors was conducted to evaluate the ability of the UBI HIV 1/2 to discriminate samples from noninfected individuals among sera that were indeterminate by HIV-1 Western blotting. These 40 blood donors were from three geographically distinct blood banks; 20, 18, and 2 were repeatably reactive by Cambridge Biotech Recombigen, Abbott HIVAB HIV-1-HIV-2 EIA, and Abbott HIVAB HIV-1 EIA, respectively. All 40 repeatably reactive samples were found to be negative by the UBI HIV 1/2 EIA and were indeterminate by HIV-1 Western blotting. These donors were followed for between 5 and 37 months, with a mean follow-up interval of 12.4 months. After the completion of the follow-up period, 27 and 13 donors were repeatedly reactive and nonreactive, respectively, in a licensed HIV EIA. The Western blot assay results for three of the donors repeatedly reactive in the Abbott HIVAB HIV-1-HIV-2 EIA, five of the donors nonreactive in the Abbott HIVAB HIV-1-HIV-2 EIA, and one of the donors nonreactive in the Abbott HIVAB HIV-1 EIA became negative by the end of the follow-up period. The same licensed EIA used to test the index sample was used throughout the follow-up interval for each donor. For all 40 cases, there was no evolution to a positive Western blot pattern and the UBI HIV 1/2 EIA remained negative at the end of the follow-up interval. Of the 31 samples that were Western blot indeterminate at the end of follow-up, 26 had Gag-only patterns, one had a Pol-only pattern, 3 had Gag and Pol bands, and one (followed for 23.5 months) had only a faint, atypically sharp gp41 Env band.
Additional evidence of test specificity was obtained by testing samples from persons with medical conditions unrelated to AIDS or HIV infection and samples containing potentially interfering substances. Among 228 such samples, including those from individuals with autoimmune conditions, viral diseases other than HIV, and compromised specimens (e.g., hemolyzed), 5 specimens were repeatedly reactive with the UBI HIV 1/2 EIA. Four of five repeatedly reactive specimens, one each reactive for anti-hepatitis B core, syphilis, lymphadenopathy, and lymphoma, were confirmed positive in a licensed HIV-1 Western blot assay. The one repeatedly reactive, HIV-1 Western blot-negative specimen had a signal-to-cutoff ratio (S/CO) of 1.76 in the UBI HIV 1/2 EIA and was positive for anti-human T-cell lymphotropic virus type 2 antibodies. Thus, the UBI HIV 1/2 EIA demonstrated a specificity of 99.6% (223/224) for samples from persons with medical conditions other than HIV infection and for samples containing potentially interfering substances.
DISCUSSION
The utility of synthetic peptides in immunodiagnosis has been previously reported (15, 16) . The UBI HIV 1/2 EIA is the first combination assay for the detection of both HIV-1 and HIV-2 antibodies that solely utilizes synthetic peptides targeting the immunodominant regions of the HIV-1 and HIV-2 envelopes. There are only two other combination assays licensed for use in blood banks and diagnostic laboratories, the Abbott HIVAB HIV-1-HIV-2 (rDNA) EIA and the Genetic Systems HIV-1-HIV-2 EIA. These assays use rDNA and a whole-cell viral lysate, respectively, as the antigens adsorbed onto the solid phase. In this report, we have presented the results of the evaluation of the UBI HIV 1/2 EIA in the determination of the assay's sensitivity and specificity.
The sensitivity of the UBI HIV 1/2 EIA was estimated to be 100% (402/402) with a 95% confidence interval of 99.3 to 100% in the AIDS and ARC groups. The results observed with the UBI HIV 1/2 EIA for samples from the high-risk population were comparable to those observed with the licensed lab- oratory test of record (14.8% versus 14.6%). In the sensitivity studies for the panel of specimens from asymptomatic individuals that were previously screened by a licensed HIV-1 EIA and found to be repeatedly reactive and Western blot positive, the UBI HIV 1/2 EIA yielded an estimated sensitivity of 99.9% (672/673) with a 95% confidence interval of 99.2 to 100%. The one donor sample which was negative by the UBI HIV 1/2 EIA demonstrated discordant HIV-1 EIA results with licensed test kits from two different manufacturers and was negative by a licensed IFA. Follow-up specimens from this individual were not available, and were thus unable to resolve the conflicting serology results for this specimen observed not only with the UBI HIV 1/2 EIA but with other licensed assays. Genetic diversity has been reported to exist among HIV-1 isolates for which multiple distinct genotypes or subtypes have been documented in the literature (12) . Diversity may be evidenced by changes in the envelope glycoprotein and in the gag gene. These changes may ultimately influence the presentation of a humoral immune response. Due to the increase in international travel and the immigration of people from many different countries to the United States, an assay must be sensitive enough to detect the presence of antibodies to HIV-1 strains that are genetically distinct from those present in the United States. The UBI HIV 1/2 EIA was evaluated with confirmed positive specimens from areas where genetic diversity of HIV-1 isolates is known to occur, i.e., Thailand, Brazil, Central America, and Africa. It was determined that there was no impact on the results of testing for anti-HIV-1. The sensitivity in this population was reported to be 100%. The UBI HIV 1/2 EIA was also tested in May 1994 as part of a World Health Organization Global Programme on AIDS evaluation of operational characteristics of commercially available assays to determine antibodies to HIV-1 and/or HIV-2 in human serum (unpublished data). In this evaluation, the UBI HIV 1/2 EIA was found to be reactive with all confirmed HIV-positive specimens from Africa, Asia, Europe, and Latin America (14) . These data further support the calculated sensitivity of 100% for the detection of HIV infection in geographically diverse regions with the UBI HIV 1/2 EIA and the conserved nature of the region represented by the synthetic peptide antigens.
Since the HIV-1 antigen employed in the UBI HIV 1/2 EIA consists of highly antigenic epitopes within the envelope region, studies of sensitivity were conducted on seroconversion panel samples that demonstrate predominantly Gag reactivity on HIV-1 Western blots. These samples were evaluated to demonstrate that the UBI HIV 1/2 EIA has high sensitivity for samples with predominantly anti-Gag reactivity on Western blots, despite the absence of antigen corresponding to Gag in the immunoassay. The results observed for the UBI HIV 1/2 EIA were comparable to those observed for previously licensed HIV-1 and HIV-1-HIV-2 EIAs, all of which contained Gag antigens. Detection of anti-HIV in these Gag-predominant specimens by the UBI HIV 1/2 EIA further supports the previously published data demonstrating that antibodies to Env can be detected earlier than antibodies to p24 (Gag) in confirmatory assays other than Western blotting (1, 7). For some confirmed positive specimens, Western blots do not indicate the presence of antibodies to gp41 (17) . The gp160 precursor Env glycoprotein band may in many cases represent a multimer of the gp41 transmembrane protein (3). A gp120-gp160 Western blot band may be present in the absence of a gp41 band because of the lower degree of sensitivity of the latter, often due to its diffuse banding pattern (1) . The fact that the UBI HIV 1/2 EIA was repeatedly reactive for all 106 confirmed positive specimens which lacked a gp41 band upon Western blotting by a licensed procedure further attests to the assay's sensitivity. The sensitivity of the assay for confirmed HIV-2-positive specimens was calculated to be 100%.
The specificity in the random-donor population, assuming an anti-HIV-1 and anti-HIV-2 antibody prevalence rate of zero, was calculated to be 99.72% with a 95% confidence interval of 99.62 to 99.81%. The specificities for the Genetic Systems and Abbott Recombinant combination HIV-1-HIV-2 EIAs were reported to be 99.70 and 99.90%, respectively.
Forty random blood donors were prospectively followed for between 5 and 37 months, with a mean follow-up interval of 12.4 months. For all 40 cases in which the Western blot failed to evolve into a positive pattern, the UBI HIV 1/2 EIA remained negative at the end of the follow-up interval. This study was carried out as an additional measure of the assay's specificity in the low-risk population. Thus, the samples with discordant results, i.e., nonreactive on the UBI HIV 1/2 EIA but reactive on previously licensed EIAs, did not represent HIVinfected individuals. The observations from this prospective study are consistent with observations previously published by other investigators (6, 7, 11) wherein donors in a low-prevalence population demonstrating persistently indeterminate Western blots and having no evidence of HIV exposure or clinical manifestations of HIV infection do not represent a risk for transmission of HIV.
Thus, as demonstrated by the data presented in this report, the UBI HIV 1/2 EIA exhibits a high degree of sensitivity for the detection of HIV-1 and HIV-2 in confirmed seropositive specimens. It is comparable to previously licensed assays in the detection of HIV-1 seroconversion and in specificity. It allows the laboratory an additional alternative in the selection of a sensitive and specific assay for the detection of anti-HIV-1 and anti-HIV-2.
